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(54) Rotary liquid atomizer 

(57) A rotary liquid atomizer comprises 
a drive shaft (3) carrying for rotation 
therewith a rotary member (1) e.g. circ- 
lar tray-like or saucer-like in shape, hav- 
ing a symmetical upper liquid guide 
surface (11) and a peripheral annular 
rim (8) of which the inner wall inclines 
gradually radially outwards and 
upwards from the guide surface (11) 
terminating in a top wall (12) orientated 
perpendicular to the rotational axis. A 
large number of shallow grooves (13) 
are located around the rim (8) at sub- 



stantially uniform small circumferential 
pitch, each extending between the 
periphery of the guide surface (11) and 
the top wall (1 2) in the direction of flow 
of liquid supplied to a central portion (6) 
of the rotary member (1) and caused to 
flow outwardly over the guide surface 
(1 1) by centrifugal force on rotation of 
the rotary member (1). Thus liquid flows 
outwardly through the grooves (13) in 
fine streams of substantially uniform 
diameter and issues therefrom at the 
top wall (1 2) as finely atomized substan- 
tially uniform droplets. 
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SPECIFICATION 
Rotary liquid atomizer 

5 This invention relates to a rotary liquid atomizer and more particularly to that type of rotary liquid atomizer ^ 
wherein liquid is supplied continuously to a centra! portion or the inner portion distant from the peripheral 
edge of one side surface of a rotary member in disc form or bell form which is mounted coaxially with a 
driving shaft which is to be rotated at a high speed, and wherein liquid is guided to the peripheral edge of the ■ jr^ 

rotary member along the side surface of the rotary member and is discharged from the periphery into the 
10 atmosphere by centrifugal force caused by the high speed rotation of the rotary member, whereby the liquid '^^ ^^-^ 
is atomized into fine particles. 

Conventionally, in a rotary atomizer of the kind described above, the liquid supplied to one side of the 
rotary member is caused to flow along the surface of the rotary member towards its periphery in the form of 
a continuous thin film when the surface tension of the liquid is low. On the other hand, when the surface ' ^ 

15 tension of the liquid is relatively high, the liquid moves so as to form a plurality of narrow streams which are "'^ 
separated from each other. 

In the conventional rotary liquid atomizer, the liquid, having reached the periphery of the rotary member, yl ^ 

extends outwardly beyond the periphery in the form of a thin film into the atmosphere maintaining the state 
when it flows. The liquid is then divided into sections, atomized and discharged by the centrifugal force 
20 which acts on the liquid rotating at high speed together with the rotary member, the force of friction with the 20 
surrounding air and the said surface tension of the liquid. In other words, the outer edge of the thin liquid 
film extending outwardly beyond the periphery of the rotary member is torn into plurality of streams of 
various sizes from which liquid droplets are formed directly or by entraining the air to form liquid droplets 
with bubbles. The end portion of each stream extending radially outward of the periphery of the rotary 
25 member has the form of a liquid strand having a relatively large diameter which is separated gradually into 
major droplets which are relatively large in size or into satellite droplets which are relatively small in size. 
Accordingly, the liquid droplets formed have a large mean diameter with a wide range of droplet size 
distribution and include many droplets with bubbles, whereas ideally the atomized droplets formed have a 
small diameter as the mean droplet size and a narrow range of droplet size distribution without entraining 
^ 30 air. 30 

For these reasons, the conventional liquid atomizer of the type described above is not suitable for use in, 
for example, atomizing liquid paint for the purpose of spray coating. 

According to the present invention, there is provided a rotary liquid atomizer comprising 
a drive shaft; and 

35 a rotary member carried by the drive shaft for rotation therewith about the axis of the drive shaft, the rotary 
member having an upper surface which constitutes a liquid guide surface which surrounds said axis and of 
which at least a peripheral portion is substantially flat, and a peripheral annular rim which projects upwardly 
and which has a gently inclined wall which is joined to the periphery of the liquid guide surface and inclines 
gradually radially upwardly and outwardly therefrom to terminate in a top wall of the rim lying in a plane 
^0 which is perpendicular to said axis, there being a plurality of shallow grooves formed in the gently inclined 
wall of the rim and extending between the periphery of the liquid guide surface and said top wall of the rim 
substantially in the direction of flow of liquid supplied to a central portion of the liquid guide surface, or a 
portion of the rotary member adjacent said liquid guide surface and spaced radially inwardly of the 
peripheral portion of said liquid guide surface, and caused to flow outwardly over said liquid guide surface 
^5 by centrifugal force due to rotation of said rotary member about said axis, the grooves being located around 
the entire peripheral annular rim at a substantially uniform small circumferential pitch, whereby said liquid 
can flow into the shallow grooves and issue therefrom at said top wall of the rim. 

In a rotary liquid atomizer according to the invention, the liquid supplied to the central portion of the liquid 
guide surface or a portion of the rotary member (e.g. a depression) which is spaced inwardly from the 
50 periphery cf the member, is ca-jsed to flow radially outwardly along the guide surface as a continuous thin 
liquid film or as a number of fine str'5:!m3, depending on the surface tension of the liquid, by the centrifugal 
force applied to the liquid due to rotation cf the memoer. The liauid is thus guided to the peripheral edge 
portion of the .^uic 3 s'jrf=r-» d cne inclined v/ni! of the rim. Since the centrifugal force F applied to the liquid is 
^ represen:=:^ F - /nwV, whe.-e and /' ; = pres**nt. respeccivejy, cne mass of the n 
55 velocity of the rotar/ rr.ember and the racial distance from the centre of the same, and since the radial ^5 
distance/- increases 33 the li-^'jid approaches the periphery of the rotary member, the centrifugal force acting 
on the liquid attains substantinliy its maximum value when the liquid reaches the peripheral edge portion of 
the inner guide surface of the rotary member where it is then forced to flow into the large number of fine 
shallow grooves by the centrifugal force, whether the surface tension is targe or small, and is accordingly 
60 separated into a multiplicity of independent fine streams. These fine streams are then directed radially ^0 
outwardly along their respective grooves being urged at the same time towards the bottom of the grooves. 
Thereafter the fine streams issue from the outer ends of the grooves which open on the top su rface of the 
annular rim or projection as strands or cusps having substantially uniform small diameters. The strands can 
then be successively torn from the ends of the grooves and discharged into the atmosphere as fine liquid 
65 droplets. 65 
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so that the liquid flows toward the periphl^ edS pom^^^ '^"^ 

influence of centrifugal force induced bv thP hToh r„t ^ . '""er surface as a thin liquid film under the 

5 tively large so thatth'e li^Jid",^^^^^^^^^^ °^ whetherthe surface tension is rela- 

member toward the periphera°rdge portion ^ ^''^ '""^^ ^""^^^^ ~»3,Y 5 

thl;:r t^e^^t^ira?.";^^ '-'^ — '-"'"^ the outer ends of the grooves. 

10 r= represented by the following equation: 

where 

<t> = diameter of liquid strand (cm) 

C = constant wh|ch;is substantially equaRo 2 

15 GN =?umL'Tgtoler'"*^ "^'^ memberand the outer end of the grooves (cm) 



N - rotary speed of the rotary member per minute (r.p.m.) 
V - rate of liquid supply (cc/min) 



20 



25 



35 



40 



25 of thlTnirtit^^^d o?w^^^^^^^ accompanying drawings which illustrate by way of example an embodiment 
pre?ent1nvention?"' ''''""''^ ^'"^^ °' ' ^"^"^ atomizer embodying the 

FigSeT^ ' '"'^"^ ^^'"''"^ incorporated in the rotary liquid atomizer shown in 

"ii.^?orpfgL^:ra:'d~^^ 30 

X 3°i?n?s?''' '.r.:''^' L'^ '""^^ ^"^^'^^ ^" "''P- portion ;Lnding"'di:. ytu^^"d^^^^^ 

overThe lower ?nd Sni^^^^^^^^ '""'"^ '"^^^ ^"'^ ^ '^"-^^ P°«ion ^ which is secured"^ 

over me lower end of pipe 5 as illustrated, to leave an annular space 6 in oioe 5 surmunriinr, tho chaft -s 

having a closed lower end. The rotary shaft 3 has a boss portio '2 at itrupper en" Xh i^ a^pted for 
^connection to the end portion of the driving shaft of an appropriate driving means e^ an electric or 
Z'~oSZ-:° -^-'^^ ^ — ^- -'^^ rotary mLber 1 Vnfme^out^^ 

suiace'lTl'nd'a nln'nh '"f 3'." ^J^^^'y "figure 4, has an inner portion having a flat upper 

45 awav from the flaHnn'l «<^9« P°^'°" 8 -^Ich is curved so that it slopes gently upwardly and outward^, 

The liZd to h! ' *° ^" upstanding annular projection or rim 8 ^ 45 

liql?d cMno' sTownfthro" r"" 'V""' '",""'1' '""''^ ' '° ' "^"''^ P°°' ^ -table 

causL bv hrnh , t,^'°"9^^ '"'"'d ^"PP'y t^be 1 0. and is made to flow, due to centrifugal force 

surface n oSf^ , 1. substantially radially and uniformly along the upper 

50 fhl!, " ,1 ° "?-al plate 9 towards the peripheral edge portion of the rotary member i e toward 

f^^m o tf a «v °o7'"n • ""t^'T ^h"^"'' ^ ^ ^'^her in the form oTa continuous thTn 50 

turn or ot a plurality of separated slender streams, depending on the surfaca tPn<^inn of tn^ r 

3utfX";" r:LT^rcu?;r toT:'^^ ^T"'°" °^ T « P-^^^ed^wlth a t^p s^Se 1 2Xh°;sTn\'S• 
upoer Lrace I'l '/f";^! ^ ? ? - ■ =' ^°t=n/ member 1 . At the periphery oortion of the flat 
55 are V shaned in rrn« P'a« ^- 'here are formed a large number of shallow grooves 13 which 

?;ft^.^i;1;rra°^ - 

^2S;hTannX^^s^^^^^^^^ 

60 shLVe^w|!^e^vUwe^as in ' ^'""^^ ^^^P« °' ^" «'°"g^ted V (defined as the 

ScrelonaateTv ^b^^^^^ ^^"'^ ^ '^'T P^""^' '° ^'^'^ ^°t^tlon of the member 1 ), the width of 60 
triangSf e V shan^H ^'^"''^ '''S^^^ 2, as well as a generally 

For instance, ,f desired, the groove can have various planar shapes such as an elongated U, elongated 65 
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trapezoid, an elongated V or U having a centre iine which is gently curved into an arc and so forth. At the 
same time, the groove can have a cross-section which is triangular or trapezoid with a rounded bottom, 
triangular or trapezoid with rounded upper edges of both side walls and so on. At the same time, the groove 
can have a constant depth over its entire length. 
5 It has been discovered that good atomization can be achieved using a rotary liquid atomizer of the 5 
construction described with reference to the drawings of which the dimensions and other parameters are as 
follows: 

Diameter D of rotary member 1 = 30 mm to 1000 mm 
Breadth 8 of top surface 12 of projection or rim 8 = 0.1 mm to 4.0 mm 
10 Length 7 of each groove 13 = 1.0 mm to 15.0 mm 10 
Depth d of each groove 13 = 0.05 mm to 3.0 mm 
Pitch p of grooves 1 3 = 0.2 mm to 3.0 mm 

Speed of rotation N of rotary member 1 = 300 r.p.m. to 40,000 r.p.m. 

Thus, the speed of rotation N of the rotary member 1 can be varied over quite a wide range. However, as 
15 stated before, the diameter of the liquid strands extending outwardly from the ends of the grooves into the 15 
atmosphere must be small enough, to form liquid particles which are uniformly small in average diameter. 
The diameter of the liquid strands depends largely on the rate of flow in the grooves. Thereafter, the 
diameter D of the rotary member should be suitably selected to take into account the nature of the liquid to 
be atomized, the predetermined range of fluctuation of the supply rate and other conditions. 
20 At the same time, the speed of rotation of the rotary body should be suitably varied so as to obtain the 20 
condition under which the liquid is forced into each groove by centrifugal force, in accordance with the 
variation of the rate of the liquid supply, with the liquid flowing outwardly within the lower half of each 
groove without spilling from one groove to another near the outer end of each groove as shown in Figure 3 
where the reference numeral 14 indicates a liquid stream within a groove 13. 
25 A large number of the shallow grooves provided at the peripheral portion of the liquid guiding surface of 25 
the rotary member in the rotary liquid atomizer of the invention can be formed quite easily and at low cost, 
by a simple manufacturing method, for example, a use of a knurling tool. 

A rotary liquid atomizer made according to the invention and proved by experiment to afford good 
atomization had the following dimensions: 
30 D = 73.5 mm 30 
GN = 664 
; = 2.0 mm 
d = 0.15 mm 

p = 0.35 mm (measured at the peripheral edge portion of the liquid guiding surface 11). 

35 A white amino-acrylic resin enamel of a viscosity of 25 sec/zahn cup #2 was supplied to the rotary member 35 
at a rate V of approximately 600 cc per minute. The behaviour in which the liquid strands were generated at 
the peripheral edge of the rotary member, when the member was rotated at a speed of N = 1 2,000 r.p.m., 
was recorded by means of strobo-photo, at a 4/1 ,000,000 second exposure. The liquid strand or cusp in the 
photo exhibited a diameter 0 of about 90 microns, and it was confirmed that the end portions of the strands 

40 or cusps were continuously and successively separated into fine particles which were small in mean diame- 40 
ter and had a narrow range of particle size distribution and further were highly suitable for the spray coating 
of the resin enamel. 

It will be seen from the foregoing description that, using a rotary liquid atomizer according to the inven- 
tion, extremely fine and uniform atomized liquid particles can be obtained simply by the centrifugal force 
45 applied to the liquid due to high speed rotation of the rotary member. Accordingly, the greatest effect will be 45 
obtained in each case of the application in the atomization of liquid or paint for spray coating, the spray 
deseccation of slurry matters for powder or particle making, the atomization of liquid fuel for combustion 
apparatus and other general atomization. 

Moreover it will be evident from the description that the rotary liquid atomizer of the member need not 
50 necessarily have a circular tray-type shape, but may alternatively be bell-shaped. 50 
CLAIMS: 

1 . A rotary liquid atomizer comprising a drive shaft; and 

a rotary member carried by the drive shaft for rotation therewith about the axis of the c^=' ? sp^^. the rotary 
member having an upper surface which constitutes a liquid guide surface which surrounds sjid axis and of 

35 which at least a peripheral poaion is substantiaiiy flat, and a peripheral annular rim which projec:3 upv/ardly 55 
and which has a gently inclined wall whicn is joir.ad to the periphen/of the liquid guide surface ^nd inclines 
gradually radially upwardly and outwardly therefrom to terminate in a top wall of the rim lying in a plane 
which is perpendicular to said axis, there being g plurality of shallow grooves formed in the gently inclined 
wall of the rim and extending taetev^een the periphery of the liquid guide surface and said top wall of the rim 

60 substantially in the direction of flow of liquid supplied to a central portion of the liquid guide surface, or a 60 
portion of the rotary member adjacent said liquid guide surface and spaced radially inwardly of the 
peripheral portion of said liquid guide surface, and caused to flow outwardly over said liquid guide surface 
by centrifugal force due to rotation of said rotary member about said axis, the grooves being located around 
the entire peripheral annular rim at a substantially uniform small circumferential pitch, whereby said liquid 

65 can flow into the shallow grooves and issue therefrom at said top wall of the rim. 65 
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2 A rotary liquid atomizer as claimed in claim 1, in which said rotary member is bell-shaped . 

3: A JotalJ liquid atomizer as claimed in claim 1 , in which the rotary member has the shape of a circular 

4 ° A rota% liquid atomizer as claimed in claim 1 or claim 3. in which an annular depression in the upper 
s surface of said rotary member is provided about said drive shaft in which a pool of liquid can be formed and 5 
' r^mwhtXTdc^nf.^^ 

5. A rotary liquid atomizer as claimed in any of claims 1 to 4, m which each of the shallow grooves has an 
elongated V or U-shape when viewed in a direction parallel to the axis of rotation of the rotarrmember. 

6 A ratary liquid atomizer as claimed in any of claims 1 to 5, in which each of the shallow grooves has a 

'° 'TT:^^6l^:^r^cisi^^^ in any of claims ^ to 6. in which the depth of each of the shallow 
the accompanying drawings. 
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